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A gate stack structure consisting of a poly crystalline silicon germanium (poly-SiGe) conductor and 
a Hf02 dielectric on a silicon substrate was formed by inductively coupled plasma etching using 
HBr/Cl2/02. Etch rates qf poly-SiGe with 46% Ge were 1.7-2.0 times higher than those of 
polycrystalline silicon, depending on processing conditions. In the small feature sized devices of 
100 nm gates, the notching at the sidewall of poly-SiGe was pronounced up to the depth of 50 nm. 
The amount of notching increased with increasing inductive power and pressure, and decreasing rf 
bias power. A Hf02 etch rate of 950 A/min was obtained at the condition of 550 W inductive power, 
360 W rf bias power, and 10 mTorr pressure. Etch rates of Hf02 increased witii increasing inductive 
power and rf bias power. Etching selectivity of poly-SiGe with respect to Hf02 increased 
significantly with the addition of 3.8% O2 to HBr, and it was possible to control the selectivity in 
the range of 15-70 by changing the rf bias power. The change in etching selectivity was considered 
mainly due to the change in Hf02 film property, originating from the incorporation of O into the 
remaining nonvolatile Hf and die reformation of HfO^ during etching. © 2003 American Vacuum 
' Society. [DDI: 10. 11 16/L 1586283] 




I. INTRODUCTION 

As complementary metal-oxide-semiconductor (CMOS) 
technology is further scaled into the deep subraicron region, 
materials need to be considered which can deliver perfor- 
mance enhancements beyond that realized in current technol- 
ogy. This is seen in the development of high dielectric con- 
stant (high-/c) materials for the gate stack and low-ik materials 
for the interconnect. Single crystalline silicon germanium 
(SiGe) has been extensively investigated as a material for the 
CMOS device channel which can provide higher carrier 
mobility*'^ Polycrystalline SiGe (poly-SiGe), on the other 
hand, is found to have several advantages as a suitable gate 
conducting material to replace polycrystalline silicon (poly- 
Si). Poly-SiGe gates have been found to be useful in reduc- 
ing polycrystalline depletion and boron penetration effects,'^ 
and with adjusted Ge concentrations, can provide different 
work functions suitable for a p-channel device."^'^ 

Reports have been made regarding the etching of poly- 
SiGe material using reactive ion etching (RIE) techniques.^"^ 
The common finding in these cases is that the etch rate of 
poly-SiGe increases with Ge concentration. Oehriein et alJ^ 
reported that the experimental etch rates were greater than 
those from tiieir proposed models and gave a thorough dis- 
cussion to explain this phenomenon. They reported that the 
increase in the etch rate could not be accounted for by the 
greater gasification of Ge atoms alone, but that the presence 
of Ge atoms in the SiGe alloy increased the rate of the Si 
etch products formation. Several reasons were proposed?. 
They believed that the availability of electrons at the surface 
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is important in explaining the increased etch rate, and this is| 
similar to the "doping effect** in Si where the etch rate^ 
changes with the type and amount of dopants used. Further-IJ 
more, the surface of SiGe was found to become richer in Ge| 
when using CF4 , while on the other hand, it became richer in| 
Si when using CF2CI2 or HBr. Cheung et al}^ reported diatg 
the etch rate and etch profile of Sio.75Geo.25 were strongly p 
influenced by the substrate temperature and the oxygen con- p 
tent in the SF6/02/He gas mixture. There was also a report^ H 
indicating diat the difference in the enrichment was highly ^ 
dependent on ion bombardment, and preferential sputtering 8| 
was cited as the most plausible mechanism. || 

Etching of semiconductor materials has moved from the ^ 
conventional RJDE system to a system using a higher plasma |j 
density. In a study of etching SiGe in high-density plasmas, ^ 
Vallon et alJ^ showed that the recipe previously developed ^ 
for the etching of Si was unsuitable for etching SiGe, with |j 
the etch profile being affected when a helicon source was || 
used. This effect also depended significantly on the Ge con- |j 
centration in SiGe. A surface study on SiGe using x-ray pho- g 
toelectron spectroscopy (XPS) was also performed by them M 
in another work.^^ Etching of SiGe using an electron cyclo- |( 
tron resonance source^ was also investigated to determine the |1 
effect of ion bombardment on surface stoichiometry as men- 
tioned previously. In our work, the dependence of etch pro- 1^ 
files and etch rates on process parameters is studied to un- 
derstand etching mechanisms of poly-SiGe when using an 
inductively coupled plasma (ICP) source. 

After completing die dry etchuig process of the poly-SiGe 
gate conductor, the underlying thin gate dielectric is usually 
removed by diluted HF, since wet etching of dielectric films 
using concentrated HF results in significant undercutting. 
According to recent reports, '^-'^ wet etch rates of high-k 
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%]nis as gate dielectrics are extremely low, particularly after 
■ they have been annealed. Developing a suitable process for 
hbedry etching of Hf02 is a challenge that needs to be over- 
i come before the material can be incorporated into advanced 
gate stacks. Exploiting the difficulty for Hf02 to form vola- 
tile products during plasma etching, there have been 
reports^ ^'^^ of using the Hf02 film as an etch-stop layer. Re- 
cently, Norasetthekul et alJ^ reported on the etching of Hf02 
jglms in an ICP etcher using CI2 and SFg . 

In this article, we report on results obtained from ICP 
etching of poly-SiGe and Hf02 with the aim of forming 
poIy-SiGe/high-^ gate stacks using industry compatible etch- 
ing equipment. We also demonstrate the formation of con- 
trolled notches from the poly-SiGe sidewall as a step toward 
the development of short channel devices with a technology 
node smaller than 65 nm. 



II. EXPERIMENTAL DETAILS 

The samples used in this work were prepared by a gate 
cluster system manufactured by Jusung Engineering Co. The 
system consists of three processing modules for metalorganic 
chemical vapor deposition (MOCVD) of high-/c dielectiics, 
chemical vapor deposition (CVD) of poly-SiGe deposition, 
and postdeposition annealing, respectively. In the gate cluster 
system, these processing steps are carried out in sequence 
without breaking the vacuum. All die poly-Si and poly-SiGe 
films were deposited by CVD using SiH4 and GeH4 at a 
temperature of 550 °C and a pressure of 5 Torr. The SiH4 
flow rate was fixed at 60 seem, but the GeH4 flow rate was 
varied from 0 to 200 seem to obtain various Ge concentra- 
tions in poIy-SiGe. The Ge concentrations of poly-SiGe 
samples used in this study were 15%, 23%, 32%, and 46%, 
and these were determined using Rutherford backscattering 
spectrometry (RBS). The poIy-Si and poly-SiGe films in the 
thickness range from. 500 to 3000 A were deposited either on 
Si02 thermally grown from the oxidation furnace or on 60 A 
thick Hf02 grown froril the MOCVD module of the gate- 
cluster system. The 400 A thick Hf02 films were also pre- 
pared for the measurement of the etch rates of Hf02 and the 
etching selectivities of poly-SiGe with respect to Hf02. The 
Si02 fiinis were grown on.. 6 in. Si wafers at a temperature of 
1030 °C with O2 at atmospheric pressure. The Hf02 films 
were deposited on 6 in. Si wafers using the Hf[OC(CH3)3]4 
precursor at 400 ''C with 50 seem O2 and 100 seem Ar. The 
deposition pressure was fixed at 400 mTorr. After the depo- 
sition, the annealing process was carried out at 700 °C for 1 
rain in a N2 ambient 

Hie thicknesses of blanket films were determined by an 
ftllipsometer. Etch rates and selectivities were determined by 
measuring the etching times and etched thicknesses. The 
etched thicknesses of the films patterned by a 0,6 /utm gate 
mask were determined by a surface profiler. The etch rates 
obtained from the blanket films and the patterned films were 
^bout the same to within the range of measurement error, 
^e 0.6 fjum gate patterns were also used for cross-sectional 
scanning electron microscopy (SEM) observations of poly- 



SiGe. The test patterns of 0.13 jum were used for investigat- 
ing the etched profile of gate stacks of gate length below 0.1 
pun by TEM. 

All the poly-Si and poly-SiGe samples were etched using 
the ICP etching module (TCP 9400SE manufactured by Lam 
Research Co.). The wafer is electrostatically clamped to the 
bottom rf electrode and cooled by He flowing through be- 
tween the back side of the wafer and the grooved electrode. 
The temperature of the wafer electrode and the chamber wall 
was maintained at 60 °C. Reactant feed gases were intro- 
duced into the chamber from the bottom. In this study, vari- 
ous gas combinations of HBr/Cl2/02 were used for each of 
the following four etching steps for the gate stack: Break- 
through etching of poly-SiGe, main etching of poly-SiGe, 
overetching of poly-SiGe, and etching of Hf02 . Studies on 
the etching of Hf02 with HBr/Cl2/02 plasmas were per- 
formed using the TCP9400SE, whereas studies on the KfO^ 
etching with CF4 plasmas were performed using another 
etcher (ICP2) of similar configuration to the TCP9400SE. 
Differences of the ICP2 from the TCP9400SE are as follows: 
(1) ICP2 uses the step on the. electrode and gravity to hold 
the wafer, whereas tiie TCP9400SE uses an electrostatic 
chuck, (2) inductive power is supplied via a 5.75 turn coil for 
the ICP2, whereas it is supplied via a four-tuni coil for the 
TCP9400SE, and (3) gases are introduced from the sidewall 
inlets for the ICP2, whereas they are introduced fi*om the 
bottom inlets for the TCP9400SE, To investigate the etching 
characteristics at various conditions, the processing' param- 
eters were varied in the following ranges: 200 to 550 W for 
inductive power, 0 to 360 W for rf bias power, and 10 to 80 
mTorr for pressure. 

Optical emission was monitored to investigate die prop- 
erty of the plasma species during the etching of the poly- 
SiGe/HfOo gate stack on the Si substrate. Optical emission 
spectra in the wavelength range of 200 to 800 nm were col- 
lected using a charge coupled device spectrograph via an 
optical fiber fixed on the sidewall of the reactor. Also, the 
temporal change in the intensity of the fixed emission spectra 
was monitored during the gate stack etching. 

III. RESULTS 

A. Etching of polycrystalline silicon germanium 

Figures 1(a)- 1(c) summarize the etch rates obtained by 
varying in turn the inductive power, rf bias power, and pres- 
sure, using the baseline recipe of an inductive power of 550 
W, an rf bias power of 200 W, a pressure of 10 mTorr, and a 
HBr flow of 200 seem. From the baseline condition, we ob- • 
tained the etch rates of 2660 A/min for poly-Si and 5270 
A/min for poly-Sio,54Geo,46 . From Fig. 1, it can be observed 
that the etch rate of poly-SiGe increases approximately lin- 
early with increasing Ge concentration, although the slight 
deviation toward the high etch rate was observed at 46% Ge. 
Models were suggested by Oherlein et al in RIE^^ to explain 
the deviation from the linear relation, but their experimental 
results did not quite agree with Uieir models. As shown in 
Fig. 1, the etch rates were affected by changing the process 
parameters: 2040-4080 A/min for the 250 W inductive 
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Fig 1 Poly-SiGe etch rates as a function of Ge concentration at the differ- 
ent (a) inductively powers, (b) rf bias powers, and (c) pressures (paf 
are fixed otherwise at inductive power of 550 W, rf bias power of 200 W, 
pressure of 10 mTorr, and HBr flow of. 200 sccra). 



power, 2030-3390 A/min for the 40 W rf bias power, and 
1960-3640 A/min for the 80 mTorr pressure. However, the 
trend of the linear increase of etching rates with increasing 
Ge concentration remained unchanged. 

Figure 2 shows etch rates as a function of pressure from 
10 mTorr to 80 mTorr for different Ge concentrations, A peak 
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Rg. 2. Etch rates of poly-Si. poly-Sio.77Geoi3 . and P^^y'^los^Oy, ^ M'' 
function of pressure (inductive power. 550 W. rf bias power: 200 W, and gasg 
flow: HBr 200 seem). 



value for the poly-SiGe etch rates is observed at around 2Q^ 
mTbm A similar trend was reported" in RIB by Zhang et al, 
but the peak was observed at around 75 mTorr in their work. ^ 
The trend is more obvious for samples with the larger Ge'p 
concentration. Figures 3(aj and 3(b) show the etch rates as a;g 
function of rf bias power at 10 mTorr and 80 mTorr for ^ 
poly-SiOe samples for various Ge concentrations. It was| 



foiind that, as die rf bias power increased, the etch rates g 



6000 



-^5000 



J 



4000 



5 3000 

S 

£ 2000 

B 

^ 1000 









— o-^ — * -o-Si 








-iVGe s 23% 




-K-Ge = 32% 







(a) 



100 200 300 

Rf bias power (W) 



400 




0 100 200 300 

Rf bias power (W) 

(b) 

Pig. 3. Poly-SiGe etch rates as a funcdon of rf bias power at (a) 10 mTorr j 
and (b) 80 mTorr. 



J. Vac. Scl. Technol. A. Vol. 21. No. 4, Jul/ Aug 2003 



m • ■ . ■ 

||213 ^ Chen et al.i Formation of poly SIGe/HfOg gate stack structure 



1213 




(a) . (b) 




(g) (h) 



Fig. 4. SEM of etching profiles for (a) poly-Si, (b) poIy-Sio.77Geo.23 , (c) 
Poly-Sio.68Geo.32, (d) poly-Sio.54Geo.46> (e) poIy-SiQ.54Geo.46 (pressure: 10 
mXorr), (f) poly-Sio.54Geo.4r> (rf bias power: 280 wj, (g) pol.y-Sio^Geo.4(5 
(inductive power: 250 W), and (h) poly-Sio.54Geo.46 (inductive power: 550 
[(a)-(O: Parameters are fixed otherwise at inductive power of 550 W, rf 
bias power of 200 W, pressure of 20 mTorr, HBr of 200 seem, etching time 
Df 30 s; (g)-(fa): Parameters are fixed at rf bias power of 200 W, pressure of 
SO mTorr, HBr of 200 seem^ and etching time of 150 s.] 



Jicreased more rapidly at 80 mToiT than at 10 mTorr. The 
iifference between 10 mTorr and 80 mTorr was more pro- 
nounced for the higher Ge concentrations. 

Figures 4(a)-4(h) show the vertical profiles of the poly- 
3iGe gates for the various Ge concentrations and the various 
process parameters for ICP etching. As shown in Figs. 4(c) 
md 4(d), when the Ge concentration was above 30%, notch- 
ng was observed. Almost no notching was observed in Figs. 
Ka) and 4(b) for the poly-Si gate and the poly-SiGe gates 
vith the Ge concentration below 30%. More notching was 
'isible with increasing Ge concentration [Figs. 4(a)-4(d)], 
ncreasing pressure [Figs. 4(e) to 4(d)], decreasing rf bias 
Pigs. 4(f) to 4(d)], and increasing inductive power [Figs. 
Kg) to 4(h)]. Figure 5 shows TEM pictures of the double 
ayered poly-Si/poly-SiGe gate stack of the 100 nm gate line 




20% Ge 30% Ge 



Fig. 5. TEM of etching profiles for gates with linewidth of 100 nm with Ge 
concentration of 20% and 30%. The thickness is 50 nm for poly-SiGe and 
100 mn for poly-Si, 



after etching at a condition identical to those in Fig. 4. The 
notching depth of 50 nm was obtained from poly-SiGe of 
30% Ge after the etching for the same period as that for the 
single layered poly-Si. The clear difference in poly-SiGe gate 
stack profiles was observed between 20% and 30% Ge. 

B. Etching of HfOg 

ICP etching of HfOj was carried out using HBr plasmas 
in the TCP9400SE and using CF4 plasmas in the ICP2. To 
compare the etch rates, all other parameters of the plasmas 
were held constant. Figures 6(a)-6(c) show the Hf02 etch 
rates for HBr and CF4 plasmas, as a function of inductive 
source power, rf bias power, and pressure. In both HBr and 
CF4 plasmas, an increase in the rf bias power or the induc- 
tive power resulted in a rapid increase in the Hf02 etch rate. 
As the pressure increased, the etch rate of Hf02 in the HBr 
plasma decreased, implying that HfOj etching depended sig- 
nificantly on ion bombardment. Hie maximum etch rate of 
950 A/min was obtained in diis study at 550 W inductive 
power, 360 W bias power, and 10 mToix pressure. 

C. Etching of polycrystalline silicon germanium/HfOs 
gate stack 

Etching selectivities of poly-SiGe with respect to Hf02 as 
a function of rf bias power at 10 mTorr and 80 mTorr are 
shown in Figs. 7(a) and 7(b), respectively. At 10 mTorr, the 
etching selectivity decreased as the rf bias power increased 
[see Fig. 7(a)], This occurred because the etch rate of HfOz 
increased faster than that of poly-Si(3e widi increasing the rf 
bias power. However, the etching selectivities were relatively 
constant at 80 mToir [see Fig. 7(b)]. When 8 seem O2 was 
added to 200 seem HBr at 10 mTorr, the etching selectivity 
of poly-SiGe to HfOz increased significanUy due to the low- 
ered etch rate of HfOj films. When 8 seem O2 was added at 
80 mTorr, at the low bias power region the etch rate of HfOj 
fihns was lowered down to almost 0, and furthermore, at the 
high bias power region, a significant amount of etching 
byproducts was deposited to result in net deposition. The 
occurrence of net deposition was observed by removing the 
photoresist mask using acetone and by subsequently measur- 
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Fig. 6. Hf02 etch rates in HBr and CF4 plasmas as a function of (a) induc- 
tive power, (b) rf bias power, and (c) pressure. The gas flow was fixed at 200 
seem for HBr and 60 seem for CF4 . Each experimental condition is: (a) At 
10 mTorr pressure and 150 W rf bias power; (b) at 10 mTorr pressure and 
400 W inductive power; and (c) at 400 W inductive power and 200 W rf bias 
power. 



ing step heights between masked areas and unmasked areas 
of Hf02 films. The net deposition rate was in the range of 
0-40 A/min. 

Figure 8 shows optical emission spectra collected during 
HBr etching of poly-SiGe. The optical emissions from Si and 
Ge were detected clearly at the wavelengths of 251.0 nm and 
264.5 nm, respectively. We were not able to detect optical 
emissions generated from Hf atom^, e.g., 307.3 nm, 340.0 
nm, 368.2 nm, etc.^^ Furthermore, the optical emissions from 
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Fig. 7. Poly-SiGe/Hf02 selectivities as a function of rf bias power at (a) 10 
mTorr when pure HBr is used and 8 seem O2 is added to HBr, and (b) 80 
mTorr when pure HBr is used. 



tile wavelengths of 251 nm (Si) and 264.5 nm (Ge) were 
used to analyze the temporal change in the etch products 
generated during ICP etching of the poly-SiGe/Hf02/Si gate 
stack in the HBr/Cl2 plasmas [see Figs. 9(a) and 9(b)]. A 
multistep etching process was applied to the poly- 
SiGe/Hf02/Si gate stack. The oxide breakthrough was per- 
formed at the condition of 60 seem CI2, 350 W inductive 
power, 150 W rf bias power, and 10 mTorr pressure for 10 s. 
The main etching was performed at the condition of 200 
seem HBr, 350 W inductive power, 135 W rf bias power, and 
10 mTorr pressure. Gas flow and pressure were stabilized 
before each processing step. The result in Fig. 9(a) shows the 
rapid increase of the Si optical emission peak after etching 
tht gate stack for 80 s, proving that tht Hf02 layer has been 
removed from the Si substrate. Optical emission results of 
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c. 8. Optical emission spectra during ICP etching of poly-S 10,54^60.46 us- 
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re from 264.5 nm [Fig. 9(b)] show that the intensity has 
•creased to the noise level after 80 s. It is interesting to 
bserve from the decrease of the Si peak [Fig. 9(a)] and the 
icrease of the Ge peak [Fig. 9(b)] during the breakthrough 
sriod, that the Si/Ge ratio in the native oxide of poly-SiGe 
higher than that in the bulk of poly-SiGe. 

/. DISCUSSION 

It is interesting to be able to control the amount of the 
otching from the poiy-SiGe gate sidewall by adjusting the 
:ching process parameters. Oehrlein a/.* reported that 
le surface of the poly-SiGe gate structure becomes either Si 
ch in HBr plasmas or Ge rich in CF4 and CI2 plasmas, 
.ccording to their observation, the SiGe surface resulting 
om the HBr experiments is expected to be Si rich, and the 
)cal di sturbance of the Si/Ge ratio at the surface is expected 
) result in more structural defects and thereby more avail- 
Die electrons. This can explain the development of the 
otching observed when Ge concentration increases. In ad- 
ition, deeper notches were obtained from processing condi- 
ons where ion energy was reduced, that is, witli higher pres- 
jre, higher inductive power, and lower rf bias power (see 
ig. 4). Here, we propose the theory that the notching of the 
oly-SiGe gates develops when ion energy is insufficient to 
)rm a proper passivation layer on the sidewall in HBr plas- 
ms. Foucher et al}^ reported that the sidewall is passivated 
y the SiO;f-based layer during poly-Si gate etching in 
IBr/02 plasmas. If the same mechanism is applied to SiGe 
tching, the etch products are likely to be chemically sput- 
Ted by ions and can be the main components of the side- 
wall passivation layers. Therefore, it is plausible that experi- 
lental conditions of higher ion energy can result in thicker 
assivation layers and the less notching. Notch gates are cur- 



jntly being studied by some researchers '"■^ to develop 
lort channel devices of gate channel length below 65 run. 

There have been other notching studies in which "foot- 
ig" was observed as an undesirable phenomenon originat- 
ig from the conductivity of doped silicon.^'^ In these re- 
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Fig. 9. Optical emission intensity with time during ICP etching of poly- 
Sio.54Geo.46/HfO2 /Si-substrate gate stack using HBr for (a) Si: wavelength 
251.0 nm and (b) Ge: wavelength 264.5 nm. 



ports, the notching occurred during overetching of the 
poly-Si against the dielectric underlayer when high selectiv- 
ity between them could be attained. The notching was local- 
ized sharply at the interface between the doped poly-Si and 
the underlying dielectric layer. However, in our observations 
of Figs. 4 and 5, the controlled notch from poly-SiGe is 
observed all across the deptii of sidewalk, and is similar to 
"bowing," Considering that the currently studied SiGe gate 
stack requires a double layer composed of poly-Si on 
poly-SiGe, the notching across the poly-SiGe sidewall 
may be used for the formation of a T-shaped short channel 
gate structure. 

According to previous observations of high-/c dielectrics 
such as Hf02, ZrOa, AI2O3, Bao.5Sro.5ri03 , and inert elec- 
trodes, such - as Pt, as potential semiconductor 
materials, '^'^^"^^ the etch rates are strongly dependent on ion 
energy as well as ion density. In ICP etching using inductive 
power below 1000 W and bias power below 500 W, etch 
rates were mostly lower than 1000 A/min, implying that their 
etching mechanism is predominantly dependent on sputter- 
ing by ion bombardment. The universal model for ion bom- 
bardment induced etching processes was suggested by 
Steinbruchel,^^ Y{E)^A{E^^-Ef), where Y{E) is the 
sputtering yield at ion energy E, and is the threshold ion 
energy for sputtering. This model predicted the relationship 
between the etch rate and the ion energy for sputtering domi- 
nant etching processes. In Fig. 6(b), we found an approxi- 
mately linear relation of the etch rates versus rf bias power 
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during Hf02 etching. But, we were not able to measure dc 
bias voltages, because this required a significant modification 
of our etch system (TCP9400SE). Norasetthekul et al re- 
ported that the etching of the sputtered HfOa films was not 
only ion enhanced but also chemically enhanced, showing 
deviation from the Steinbruchel model. Using another ICP 
etcher, further studies on the effects of the dc bias voltage are 
in progress to explore the etching mechanism for various 
Hf02 films of different annealing and deposition conditions. 

We could sensitively control the etch rates of Hf02 from 
HBRy02 plasmas. This will be an important method to con- 
trol the etching selectivity of poly-SiGe with respect to 
HfOj. The minimum selectivity requirement of the film to 
the substrate, S^^^ , is given by^^ 





(1 + «)(! + 5) 




. (1-/8) 



(l + )8) 



where tf^^^^ is the average film thickness, t^^^^ is the maxi- 
mum allowable consumption of the underlayer, a is the uni- 
formity of film thicknesses, 7? is the uniformity of etch rates, 
and 8 is the overetching amount. As an example, the ad- 
vanced gate stack in the 100 nm technology node can consist 
of a 1500 A thick poly-SiGe film (thickness uniformity of 
3%) and a 30 A thick Hf02 underlayer. If overetching up to 
50% is allowed in the ICP equipment (with an etch rate 
uniformity of 3%), we will need to achieve a selectivity of 
33 or higher in order to form an advanced gate stack by ICP 
etching. Considering that the removal rate of the remaining 
Hf02 by diluted HF is extremely low, it can be important to 
remove most of the underlying Hf02 by plasma etching with 
very little consumption of Si substrate. This can be done if 
die selectivity could be very precisely controlled in the 
neighborhood of 33 as a minimum. 

There have been reports on the effects of O2 addition on 
die etching selectivity of poly-Si to SiOs .^^"^^ The results 
from HBr/02 plasmas^^ showed that the poly-Si surface 
could be extensively oxidized with O2 less than 2%, and the 
poly-Si etching rates and, tiierefore, the etching selectivities 
could be lowered accordingly On the other hand, the results 
from CI2/O2 plasmas^^ showed that die O2 addition barely 
affected the poIy-Si etch rates but lowered the Si02 etch 
rates via etch-deposition coqripetidon, and tiiis resulted in the 
higher etching selectivity. In our results of Fig. 7, the etching 
selectivity of poly-SiGe to Hf02 increased significantiy witii 
the introduction of 3.8% O2 in HBr. The results from Fig. 
7(a) demonstrate tliat the etching selectivity could be sensi- 
tively controlled by changing the rf bias power in the pres- 
ence of a small amount of oxygen. We noticed from our 
preliminary XPS analysis that die change in the selectivity 
might be mainly due to the change in die film property of die 
HfOj underlayer. When O2 is added to HBr, it dissociates 
quickly in die plasma to react widi nonvolatile Hf or Hf etch 
products to form HfO^ or HfO^^Br^ , nullifying the etching of 
Hf02 by HBr. We propose that, as die etching is carried out, 
the surface of die mo^ film becomes richer in Hf by a pref- 
erential etching process for O, but it can quickly return to 
HfOjr when a certain amount of reactive O is available from 
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die plasma. The precise addition of O2 is critical in control] 
hng removal rates of Hf02 and thereby etching selectivitiel 
According to diis model, die processing window can be d| \ 
termined by competition between low selectivity from hig : 
etch rates of Hf02 widiout O2 and high selectivity from i 
situ reformation of Hf02 with O2 . 

V. CONCLUSIONS 

We were able to control the amount of notching that w| 
formed by ICP etching of poly-SiGe, and to form a notct 
gate tiiat can be used for short channel devices of a ga|; 
length smaller than 65 nm. Notching was controlled by vanf ; 
ing the etching process parameters of inductive power, J 
bias power, and pressure, as well as by varying the Ge coj 
centration in poly-SiGe. Notching became more pronounce 
in the conditions where ion energy was reduced. Etching c 
Hf02 was strongly dependent on the sputtering by ion boni 
bardment. By controlling the etching selectivity of poly-Sii 
to Hf02 with the change in the rf bias power in the presem 
of a small amount of 0 in HBr plasmas, we were able 
demonstrate the processing feasibility of the formation off 
poly-SiGe/Hf02 gate stack using ICP etching. ^ 
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